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(57) ABSTRACT 

AZacyclic ethynyl derivatives, Which are found to be cholin 
ergic ligands at the nicotinic acetylcholine receptors and 
modulators of the monoamine receptors and transporters. 
Due to their pharmacological pro?le the compounds of the 
invention may be useful for the treatment of diseases or dis 
orders as diverse as those related to the cholinergic system of 
the central nervous system (CNS), the peripheral nervous 
system (PNS), diseases or disorders related to smooth muscle 
contraction, endocrine diseases or disorders, diseases or dis 
orders related to neuro-degeneration, diseases or disorders 
related to in?ammation, pain, and Withdrawal symptoms 
caused by the termination of abuse of chemical substances. 
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AZACYCLIC ETHYNYL DERIVATIVES 

The present application is a divisional of and claims prior 
ity to US. application Ser. No. 10/513,416 ?led Nov. 4, 2004 
now US. Pat. No. 7,378,526. Application Ser. No. 10/513, 
416 is the US. national phase under 35 USC §371 ofPCT/ 
DK03/00294 ?led May 6, 2003, Which in turn claims priority 
to Denmark Application No. PA 2002 00691 ?led May 7, 
2002. The entire contents of each of these applications are 
hereby incorporated by reference. 

TECHNICAL FIELD 

This invention relates to novel aZacyclic ethynyl deriva 
tives, Which are found to be cholinergic ligands at the nico 
tinic acetylcholine receptors and modulators of the monoam 
ine receptors and transporters. 
Due to their pharmacological pro?le the compounds of the 

invention may be useful for the treatment of diseases or dis 
orders as diverse as those related to the cholinergic system of 
the central nervous system (CNS), the peripheral nervous 
system (PNS), diseases or disorders related to smooth muscle 
contraction, endocrine diseases or disorders, diseases or dis 
orders related to neuro-degeneration, diseases or disorders 
related to in?ammation, pain, and WithdraWal symptoms 
caused by the termination of abuse of chemical substances. 

BACKGROUND ART 

The endogenous cholinergic neurotransmitter, acetylcho 
line, exert its biological effect via tWo types of cholinergic 
receptors, the muscarinic Acetyl Choline Receptors 
(mAChR) and the nicotinic Acetyl Choline Receptors 
(nAChR). 
As it is Well established that muscarinic acetylcholine 

receptors dominate quantitatively over nicotinic acetylcho 
line receptors in the brain area important to memory and 
cognition, and much research aimed at the development of 
agents for the treatment of memory related disorders have 
focused on the synthesis of muscarinic acetylcholine receptor 
modulators. 

Recently, hoWever, an interest in the development of 
nAChR modulators has emerged. Several diseases are asso 
ciated With degeneration of the cholinergic system i.e. senile 
dementia of the Alzheimer type, vascular dementia and cog 
nitive impairment due to the organic brain damage disease 
related directly to alcoholism. Indeed several CNS disorders 
can be attributed to a cholinergic de?ciency, a dopaminergic 
de?ciency, an adrenergic de?ciency or a serotonergic de? 
ciency. 
WO 200208205 (Krenitsky Pharmaceuticals) describes 

substituted 4-alkynyl pyrimidinyl derivatives having NGF 
like activity. HoWever, the un-substituted and N-substituted 
aZacyclic ethynyl derivatives of the present invention are not 
disclosed. 

SUMMARY OF THE INVENTION 

The present invention is devoted to the provision novel 
modulators of the nicotinic and/or of the monoamine recep 
tors, Which modulators are useful for the treatment of diseases 
or disorders related to the cholinergic receptors, and in par 
ticular the nicotinic acetylcholine receptor (nAChR), the 
serotonin receptor (5-HTR), the dopamine receptor (DAR) 
and the norepinephrine receptor (NER), and of the biogenic 
amine transporters for serotonin (5-HT), dopamine (DA) and 
norepinephrine (NE). 
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2 
Due to their pharmacological pro?le the compounds of the 

invention may be useful for the treatment of diseases or dis 
orders as diverse as those related to the cholinergic system of 
the central nervous system (CNS), the peripheral nervous 
system (PNS), diseases or disorders related to smooth muscle 
contraction, endocrine diseases or disorders, diseases or dis 
orders related to neuro-degeneration, diseases or disorders 
related to in?ammation, pain, and WithdraWal symptoms 
caused by the termination of abuse of chemical substances. 
The compounds of the invention may also be useful as 

diagnostic tools or monitoring agents in various diagnostic 
methods, and in particular for in vivo receptor imaging (neu 
roimaging), and they may be used in labelled or unlabelled 
form. 

In its ?rst aspect the invention provides novel aZacyclic 
ethynyl derivatives represented by Formula I: 

any of its enantiomers or any mixture of its enantiomers, or 
a pharrnaceutically acceptable salt thereof, Wherein 
AZa represents an aZacyclic or aZabicyclic group, Which 

aZacyclic or aZabicyclic group is optionally N-substituted 
With alkyl, cycloalkyl, cycloalkylalkyl, aryl or aralkyl, and 
Which N-substituted aZacyclic group may in particular be an 
aZa-onium salt; 
L may be absent or present, and if present represents a 

linking group selected from iCHzi, iCHZiCHZi, 
%H2%H2%H2i, %H:CHi, %H2i 
CH:CHi, %H:CHiCH2i, %ECi, %H2i 
CECi, and 4CEC4CH2i; and 
X represents Ar, Alk or cAlk, Wherein 
Ar represents an aromatic mono- or polycyclic, carbocy 

clic or heterocyclic group, Which aromatic cyclic group is 
optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl; 
Alk represents an alkenyl or alkynyl group, Which alkenyl 

and alkynyl groups may be straight or branched, and Which 
alkenyl and alkynyl groups are optionally substituted one or 
more times With alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, 
cycloalkoxy, halogen, CF3, OCF3, cyano, amino, nitro, aryl, 
aryloxy and/or aralkyl; and 

cAlk represents a cyclic alkenyl or alkynyl group, Which 
cyclic alkenyl and alkynyl group are optionally substituted 
one or more times With alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino, 
nitro, aryl, aryloxy and/or aralkyl. 

In its second aspect the invention provides pharmaceutical 
compositions comprising a therapeutically effective amount 
of the aZacyclic ethynyl derivative of the invention, or a phar 
maceutically-acceptable addition salt thereof, together With 
at least one pharmaceutically-acceptable carrier or diluent. 

In a further aspect the invention relates to the use of the 
aZacyclic ethynyl derivative of the invention, or a pharmaceu 
tically-acceptable addition salt thereof, for the manufacture 
of a pharmaceutical composition/medicament for the treat 
ment, prevention or alleviation of a disease or a disorder or a 

condition of a mammal, including a human, Which disease, 
disorder or condition is responsive to modulation of cholin 
ergic receptors and/or monoamine receptors. 

In a ?nal aspect the invention provides methods of treat 
ment, prevention or alleviation of diseases, disorders or con 
ditions of a living animal body, including a human, Which 
disorder, disease or condition is responsive to modulation of 
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cholinergic receptors and/or monoamine receptors, Which 
method comprises the step of administering to such a living 
animal body in need thereof a therapeutically effective 
amount of the aZacyclic ethynyl derivative of the invention. 

Other objects of the invention Will be apparent to the person 
skilled in the art from the following detailed description and 
examples. 

DETAILED DISCLOSURE OF THE INVENTION 

AZacyclic Ethynyl Derivative 

In a ?rst aspect novel aZacyclic ethynyl derivatives are 
provided. The aZacyclic ethynyl derivatives of the invention 
may be represented by the general Formula I: 

any of its enantiomers or any mixture of its enantiomers, or 
a pharmaceutically acceptable salt thereof, Wherein 
AZa represents an aZacyclic or aZabicyclic group, Which 

aZacyclic or aZabicyclic group is optionally N-substituted 
With alkyl, cycloalkyl, cycloalkylalkyl, aryl or aralkyl, and 
Which N-substituted aZacyclic group may in particular be an 
aZa-onium salt; 
L may be absent (i.e. represent a single-covalent-bond) or 

present, and if present represents a linking group selected 
from iCHzi, iCHziCHzi, %H2%H2*CH2*, 
iCH:CHi, iCH2iCH:CHi, %H:CHiCH2i, 
*CECi, 4CH24CECi, and iCEC4CH2i; and 
X represents Ar, Alk or cAlk, Wherein 
Ar represents an aromatic mono- or polycyclic, carbocy 

clic or heterocyclic group, Which aromatic cyclic group is 
optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl; 
Alk represents an alkenyl or alkynyl group, Which alkenyl 

and alkynyl groups may be straight or branched, and Which 
alkenyl and alkynyl groups are optionally substituted one or 
more times With alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, 
cycloalkoxy, halogen, CF3, OCF3, cyano, amino, nitro, aryl, 
aryloxy and/or aralkyl; and 

cAlk represents a cyclic alkenyl or alkynyl group, Which 
cyclic alkenyl and alkynyl group are optionally substituted 
one or more times With alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino, 
nitro, aryl, aryloxy and/or aralkyl. 

In a I“ preferred embodiment AZa represents an aZacyclic 
or aZabicyclic group, Which is optionally N-substituted With 
alkyl, cycloalkyl, cycloalkylalkyl, aryl or aralkyl, and may in 
particular be an aZa-onium salt. 

In a 2'” preferred embodiment the aZacyclic group is 
selected from the group consisting of Am I to AZa IX, pre 
sented beloW: 

(Aza. I) 
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-continued 
(Aza. II) 

\ 

N—(CH )m 
R/ 2 

(A25. III) 

6/ (CH )m 
N/ 2 

| 
R 

m (Aza. IV) 
N_(CH2)m 
/ 
R 

(Aza. V) 

(CW 
(Aza. VI) 

(Cm 
(Aza. VII) 

(CH2)n NR 

(Aza VIII) 

(CW 
(Aza. IX) 

@/ 
N 

Wherein 
""" "represents a single bond or an optional double bond; 

m is l, 2 or 3; 
nis 0, l, 2or3; and 
R represents hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, 

aryl or aralkyl; 
or an aZa-onium salt thereof. 

In a 3rd preferred embodiment L is present and represents a 
linking group selected from iCH2i, iCHZiCHZi, 
%H:CHi and %ECi. 

In a 4”’ preferred embodiment the aZacyclic ethynyl deriva 
tive of the invention is represented by Formula I, Wherein X is 
Ar, and Ar represents an aryl group, Which aryl group is 
optionally substituted one or more times With substituents 
selected from alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, 
cycloalkoxy, halogen, CF3, OCF3, cyano, amino, nitro, aryl, 
aryloxy and/or aralkyl. 

In a more preferred embodiment Ar represents an aryl 
group selected from phenyl, indenyl, naphthyl, aZulenyl, 
?uorenyl, and anthracenyl, Which aryl group is optionally 
substituted one or more times With substituents selected from 
alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halo 
gen, CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/or 
aralkyl. 
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In an even more preferred embodiment Ar is phenyl, Which 
phenyl group is optionally substituted one or more times With 
substituents selected from alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino and/ 
or nitro. 

In a 5”’ preferred embodiment the aZacyclic ethynyl deriva 
tive of the invention is represented by Formula I, Wherein X is 
Ar, and Ar represents an aromatic 5- or 6-membered mono 
cyclic heterocyclic group, Which monocyclic heterocyclic 
group is optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl. 

In a more preferred embodiment the aromatic 5 - or 6-mem 

bered monocyclic heterocyclic group is furanyl, in particular 
2- or 3-furanyl; thienyl, in particular 2 or 3-thienyl; pyrrolyl 
(aZolyl), in particular 1, 2 or 3-pyrrolyl; oXaZolyl, in particu 
lar oxaZol-2, 4 or 5-yl; thiaZolyl, in particular thiaZol-2, 4 or 
5-yl; imidaZolyl, in particular 1, 2 or 4-imidaZolyl; pyraZolyl, 
in particular 1, 3 or 4-pyraZolyl; isoXaZolyl, in particular 
isoxaZol-3, 4 or 5-yl; isothiaZolyl, in particular isothiaZol-3, 4 
or 5-yl; oXadiaZolyl, in particular 1,2,3-, 1,2,4-, 1,2,5- or 
l,3,4-oxadiaZol-3, 4 or 5-yl; triaZolyl, in particular 1,2,3-, 
1,2,4-, 2,1,3- or 4,l,2-triaZolyl; thiadiaZolyl, in particular 
thiadiaZol-3,4 or 5-yl; pyridinyl, in particular 2, 3 or 4-pyridi 
nyl; pyridaZinyl, in particular 3 or 4-pyridaZinyl; pyrimidinyl, 
in particular 2, 4 or 5-pyrimidinyl; pyraZinyl, inparticular 2 or 
3-pyraZinyl; or triaZinyl, in particular 1,2,3-, 1,2,4- or l,3,5 
triaZinyl. 

In a 6”’ preferred embodiment the aZacyclic ethynyl deriva 
tive of the invention is represented by Formula I, Wherein X is 
Ar, and Ar represents an aromatic bicyclic heterocyclic 
group, Which bicyclic heterocyclic group is optionally sub 
stituted one or more times With alkyl, cycloalkyl, cycloalky 
lalkyl, alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, 
amino, nitro, aryl, aryloxy and/ or aralkyl. 

In a more preferred embodiment the bicyclic heterocyclic 
group is indoliZinyl, in particular 2, 5 or 6-indoliZinyl; 
indolyl, inparticular 2, 5 or 6-indolyl; isoindolyl, in particular 
2, 5 or 6-isoindolyl; benZo[b]furanyl, in particular 2, 5 or 
6-benZofuranyl; benZo[b]thienyl, in particular 2, 5 or 6-ben 
Zothienyl; benZimidaZolyl, in particular 2, 5 or 6-benZimida 
Zolyl; benZothiaZolyl, in particular 5 or 6-benZothiaZolyl; 
purinyl, in particular 2 or 8-purinyl; quinolinyl, in particular 
2,3, 6 or 7-quinolinyl; isoquinolinyl, in particular 3, 6 or 
7-isoquinolinyl; cinnolinyl, in particular 6 or 7-cinnolinyl; 
phthalaZinyl, in particular 6 or 7-phthalaZinyl; quinaZolinyl, 
in particular 2,6 or 7-quinaZolinyl; quinoxalinyl, in particular 
2 or 6-quinoxalinyl; 1,8-naphthyridinyl, in particular 1,8 
naphthyridin-2,3, 6 or 7-yl; or pteridinyl, in particular 2, 6 or 
7-pteridinyl. 

In a 7”’ preferred embodiment the aZacyclic ethynyl deriva 
tive of the invention is represented by Formula I, Wherein X is 
Alk, and Alk represents an alkenyl or alkynyl group, Which 
alkenyl and alkynyl groups may be straight or branched, and 
Which alkenyl and alkynyl groups are optionally substituted 
one or more times With alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino, 
nitro, aryl, aryloxy and/or aralkyl. 

In a more preferred embodiment Alk represents 
an ethenyl group; a l- or 2-propenyl (allyl) group; a straight 

or branched l-, 2- or 3-butenyl, or l,3-butdienyl group; a 
straight or branched l-, 2-, 3-, 4- or 5-hexenyl, or l,3-hexdi 
enyl, or l,3,5-hextrienyl group; a straight or branched l-, 2-, 
3-, 4-, 5-, 6-, or 7-octenyl, or l,3-octdienyl, or l,3,5-octtrie 
nyl, or l,3,5,7-octtetraenyl group; or 

an ethynyl group; a l-, or 2-propynyl group; a straight or 
branched l-, 2-, or 3-butynyl, or l,3-butdiynyl group; a 
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6 
straight or branched l-, 2-, 3-, 4-pentynyl, or l,3-pentdiynyl 
group; a straight or branched l-, 2-, 3-, 4-, or 5-henynyl, or 
l,3-hexdiynyl or l,3,5-hextriynyl group; a straight or 
branched l-, 2-, 3-, 4-, 5- or 6-heptynyl, or l,3-heptdiynyl, or 
l,3,5-hepttriynyl group; a straight or branched l-, 2-, 3-, 4-, 
5-, 6- or 7-octynyl, or l,3-octdiynyl, or l,3,5-octtriynyl, or 
l,3,5,7-octtetraynyl group. 

In an 8”’ preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula I, 
Wherein R is calk, and cAlk represents a cyclic alkenyl or 
alkynyl group, Which cyclic alkenyl and alkynyl group are 
optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl. 

In a more preferred embodiment cAlk represents 
a cyclopent- l -enyl group; a cyclopenta-l ,3 -dienyl group; a 

cycloheX-l-enyl group; a cycloheXa-l,3-dienyl group; a 
cyclohept-l-enyl group; a cyclohepta-l,3-dienyl group; a 
cyclooct-l-enyl group; or a cycloocta-l,3-dienyl group. 

In a 9”’ preferred embodiment the aZacyclic ethynyl deriva 
tive of the invention is represented by Formula I, Wherein 

""" "represents a double bond. 

In a 10th preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula II: 

Wherein 
n is 0, l or 2; 
R represents hydrogen, alkyl or cycloalkyl; 
L may be absent or present, and if present represents a 

linking group selected from iCH2i, iCHZiCHZi, 
%H2%H2%H2i, %H:CHi, %H2i 
CH:CHi, %H:CHiCH2i, %ECi, %H2i 
CECi and iCgCiCHzi; and 
X represents Ar, Alk or cAlk, Wherein 
Ar represents an aromatic mono- or polycyclic, carbocy 

clic or heterocyclic group, Which aromatic cyclic group is 
optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl; 
Alk represents an alkenyl or alkynyl group, Which alkenyl 

and alkynyl groups may be straight or branched, and Which 
alkenyl and alkynyl groups are optionally substituted one or 
more times With alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, 
cycloalkoxy, halogen, CF3, OCF3, cyano, amino, nitro, aryl, 
aryloxy and/or aralkyl; and 

cAlk represents a cyclic alkenyl or alkynyl group, Which 
cyclic alkenyl and alkynyl group are optionally substituted 
one or more times With alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino, 
nitro, aryl, aryloxy and/or aralkyl. 

In a more preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula II, 
Wherein 
n is 0 or 1; 

R represents hydrogen or alkyl; 
L is absent; 
X represents 
a phenyl group, Which phenyl is optionally substituted one 

or tWo times With alkyl, cycloalkyl, alkoxy, cycloalkoxy, 
halogen, CF3, OCF3, cyano, amino, or nitro; or 
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an ethenyl group; a 1- or 2-propenyl (allyl) group; a straight 
or branched 1-, 2- or 3-butenyl, or 1,3-butdienyl group; or 

a cyclohex-1-enyl group; a cyclohexa-1,3-dienyl group; a 
cyclohept-1-enyl group; or a cyclohepta-1,3-dienyl group. 

In a most preferred embodiment the aZacyclic ethynyl 
derivative of the invention is 
(1)-8-Methyl-3-phenyletynyl-8-aZabicyclo [3 .2. 1]oct-2 -ene; 
(:)-8,8-Dimethyl-3-phenyletynyl-8-aZabicyclo[3.2.1]oct-2 

ene iodide; 
(1)-8-H-3-Phenyletynyl-8-aZabicyclo[3.2.1]oct-2-ene; 
(1)-8-Methyl-3-(2,4-di?uorophenyletynyl)-8-aZabicyclo 

[3.2.1]oct-2-ene; 
(:)-8-Methyl-3-(1 -cyclohexenyletynyl)-8-aZabicyclo [3 .2. 1] 

oct-2-ene; 
(:)-8-Methyl-3-(4-toluoyletynyl)-8-aZabicyclo[3.2.1]oct-2 

ene; 
(1)-8-Methyl-3-(4-methoxyphenyletynyl)-8-aZabicyclo 

[3.2.1]oct-2-ene; or 
(1)-8-Methyl-3-(2-methyl-but-1-en-3 -ynyl)-8-aZabicyclo 

[3.2.1]oct-2-ene; 
or an enantiomer or a mixture of its enantiomers, or a 

pharmaceutically acceptable salt thereof, or an aZa-onium 
salt thereof. 

In another preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula II, 
Wherein 

n is 0 or 1; 

R represents hydrogen or alkyl; 
L represents 4CH2i, 4CH:CHi, or iCECi; 
X represents 
a phenyl group, Which phenyl is optionally substituted one 

or tWo times With alkyl, cycloalkyl, alkoxy, cycloalkoxy, 
halogen, CF3, OCF3, cyano, amino, or nitro; or 

an ethenyl group; a 1- or 2-propenyl (allyl) group; a straight 
or branched 1-, 2- or 3-butenyl, or 1,3-butdienyl group; or 

a cyclohex-1-enyl group; a cyclohexa-1,3-dienyl group; a 
cyclohept-1-enyl group; or a cyclohepta-1,3-dienyl group. 

In a most preferred embodiment the aZacyclic ethynyl 
derivative of the invention is 
(1)-8-Methyl-3-phenylbuta-1,3 -diynyl-8-aZabicyclo [3 .2 . 1] 

oct-2-ene; or 
(:)-8-Methyl-3-(3 -phenylpropyn- 1 -yl)-8-aZabicyclo [3 .2 . 1] 

oct-2-ene; 
or an enantiomer or a mixture of its enantiomers, or a 

pharmaceutically acceptable salt thereof, or an aZa-onium 
salt thereof. 

In a 11th preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula III: 

X 
L/ 

% 

Wherein 
n is 0 or 1; 

L may be absent or present, and if present represents a 
linking group selected from 4CH2i, 4CH24CH2i, 
iCH2%H2%H2i, %H:CHi, %H2i 
CH:CHi, %H:CH%H2i, %ECi, %H2i 
CECi, and 4CEC4CH2i; and 
X represents Ar, Alk or cAlk, Wherein 

m 
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8 
Ar represents an aromatic mono- or polycyclic, carbocy 

clic or heterocyclic group, Which aromatic cyclic group is 
optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl; 
Alk represents an alkenyl or alkynyl group, Which alkenyl 

and alkynyl groups may be straight or branched, and Which 
alkenyl and alkynyl groups are optionally substituted one or 
more times With alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, 
cycloalkoxy, halogen, CF3, OCF3, cyano, amino, nitro, aryl, 
aryloxy and/or aralkyl; and 

cAlk represents a cyclic alkenyl or alkynyl group, Which 
cyclic alkenyl and alkynyl group are optionally substituted 
one or more times With alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino, 
nitro, aryl, aryloxy and/or aralkyl. 

In a more preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula II, 
Wherein 
n is 0 or 1; 

L is absent; 
X represents 
a phenyl group, Which phenyl is optionally substituted one 

or tWo times With alkyl, cycloalkyl, alkoxy, cycloalkoxy, 
halogen, CF3, OCF3, cyano, amino, or nitro; or 

an ethenyl group; a 1- or 2-propenyl (allyl) group; a straight 
or branched 1-, 2- or 3-butenyl, or 1,3-butdienyl group; or 

a cyclohex-1-enyl group; a cyclohexa-1,3-dienyl group; a 
cyclohept-1-enyl group; or a cyclohepta-1,3-dienyl group. 

In a most preferred embodiment the aZacyclic ethynyl 
derivative of the invention is 
(:)-3-Phenyletynyl-quinuclidin-2-ene; 
(:)-1 -Methyl-3 -phenyletynyl-quinuclidin-2 -ene; or 
(:)-3 -(1-Cyclohexenyletynyl)-quinuclidine-2-ene; 

or an enantiomer or a mixture of its enantiomers, or a 

pharmaceutically acceptable salt thereof, or an aZa-onium 
salt thereof. 

In a 12th preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula IV: 

Wherein 

X 
L/ 

4 
\ 

N 

L may be absent or present, and if present represents a 
linking group selected from iCH2i, iCHZiCHZi, 
4CH24CH24CH2i, 4CH:CHi, 4CH2i 
CH:CHi, %H:CHiCH2i, %ECi, %H2i 
CECi, and 4CEC4CH2i; and 
X represents Ar, Alk or cAlk, Wherein 
Ar represents an aromatic mono- or polycyclic, carbocy 

clic or heterocyclic group, Which aromatic cyclic group is 
optionally substituted one or more times With alkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, cycloalkoxy, halogen, 
CF3, OCF3, cyano, amino, nitro, aryl, aryloxy and/ or aralkyl; 
Alk represents an alkenyl or alkynyl group, Which alkenyl 

and alkynyl groups may be straight or branched, and Which 
alkenyl and alkynyl groups are optionally substituted one or 
more times With alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, 
cycloalkoxy, halogen, CF3, OCF3, cyano, amino, nitro, aryl, 
aryloxy and/or aralkyl; and 
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cAlk represents a cyclic alkenyl or alkynyl group, Which 
cyclic alkenyl and alkynyl group are optionally substituted 
one or more times With alkyl, cycloalkyl, cycloalkylalkyl, 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, amino, 
nitro, aryl, aryloxy and/or aralkyl. 

In a more preferred embodiment the aZacyclic ethynyl 
derivative of the invention is represented by Formula IV, 
Wherein 
L is absent; 
X represents 
a phenyl group, Which phenyl is optionally substituted one 

or tWo times With alkyl, cycloalkyl, alkoxy, cycloalkoxy, 
halogen, CF3, OCF3, cyano, amino, or nitro; or 

an ethenyl group; a l- or 2-propenyl (allyl) group; a straight 
or branched l-, 2- or 3-butenyl, or l,3-butdienyl group; or 

a cyclohex-l-enyl group; a cyclohexa-l,3-dienyl group; a 
cyclohept-l-enyl group; or a cyclohepta-l,3-dienyl group. 

In a most preferred embodiment the aZacyclic ethynyl 
derivative of the invention is 
3 -Phenyletynyl -l ,2 , 5 ,6 -tetrahydropyridine; or 
N-Methyl-3 -phenyletynyl- l ,2,5 ,6-tetrahydropyridine; 

or an enantiomer or a mixture of its enantiomers, or a 
pharmaceutically acceptable salt thereof, or an aZa-onium 
salt thereof. 

DEFINITION OF SUBSTITUENTS 

In the context of this invention halo represents a ?uorine, a 
chlorine, a bromine or an iodine atom. 

In the context of this invention an alkyl group designates a 
univalent saturated, straight or branched hydrocarbon chain. 
The hydrocarbon chain preferably contain of from one to 
eighteen carbon atoms (C1_l8-alkyl), more preferred of from 
one to six carbon atoms (CM-alkyl; loWer alkyl), including 
pentyl, isopentyl, neopentyl, tertiary pentyl, hexyl and iso 
hexyl. In a preferred embodiment alkyl represents a C1_4 
alkyl group, including butyl, isobutyl, secondary butyl, and 
tertiary butyl. In another preferred embodiment of this inven 
tion alkyl represents a Cl_3-alkyl group, Which may in par 
ticular be methyl, ethyl, propyl or isopropyl. 

In the context of this invention a cycloalkyl group desig 
nates a cyclic alkyl group, preferably containing of from three 
to seven carbon atoms (C3_7-cycloalkyl), including cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 

In the context of this invention a cycloalkyl-alkyl group 
designates a cycloalkyl group as de?ned above, Which 
cycloalkyl group is substituted on an alkyl group as also 
de?ned above. Examples of preferred cycloalkyl-alkyl 
groups of the invention include cyclopropylmethyl and cyclo 
propylethyl. 

In the context of this invention an alkoxy group designates 
an “alkyl-Oi” group, Wherein alkyl is as de?ned above. 
Examples of preferred alkoxy groups of the invention include 
methoxy and ethoxy. 

In the context of this invention an alkenyl group designates 
a straight or branched carbon chain containing one or more 

double bonds, including di-enes, tri-enes and poly-enes. In a 
preferred embodiment the alkenyl group of the invention 
comprises of from tWo to eight carbon atoms (C2_8-alkenyl), 
more preferred of from tWo to six carbon atoms (C2_6-alk 
enyl), including at least one double bond. In a most preferred 
embodiment the alkenyl group of the invention is ethenyl; l 
or 2-propenyl (allyl); l-, 2- or 3-butenyl, or l,3-butdienyl; l-, 
2-, 3-, 4- or 5-hexenyl, or l,3-hexdienyl, or 1,3,5-hextrienyl; 
l-, 2-, 3-, 4-, 5-, 6-, or 7-octenyl, or l,3-octdienyl, or 1,3,5 
octtrienyl, or l,3,5,7-octtetraenyl. 
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10 
In the context of this invention an alkynyl group designates 

a straight or branched carbon chain containing one or more 
triple bonds, including di-ynes, tri-ynes and poly-ynes. In a 
preferred embodiment the alkynyl group of the invention 
comprises of from tWo to eight carbon atoms (C2_8-alkynyl), 
more preferred of from tWo to six carbon atoms (C2_6-alky 
nyl), including at least one triple bond. In its most preferred 
embodiment the alkynyl group of the invention is ethynyl; l-, 
or 2-propynyl; l-, 2-, or 3-butynyl, or l,3-butdiynyl; l-, 2-, 3-, 
4-pentynyl, or l,3-pentdiynyl; l-, 2-, 3-, 4-, or 5-henynyl, or 
l,3-hexdiynyl or 1,3,5-hextriynyl; l-, 2-, 3-, 4-, 5- or 6-hep 
tynyl, or l,3-heptdiynyl, or 1,3,5-hepttriynyl; l-, 2-, 3-, 4-, 5-, 
6- or 7-octynyl, or l,3-octdiynyl, or 1,3,5-octtriynyl, or 1,3, 
5,7-octtetraynyl. 

In the context of this invention a cyclic alkenyl group 
designates the cyclic form of an alkenyl group as de?ned 
above. Examples of preferred cyclic alkenyl groups of the 
invention include cyclopent-l-enyl; cyclopenta-l,3-dienyl; 
cyclohex-l -enyl; cyclohexa- l ,3 -dienyl; cyclohept- l -enyl; 
cyclohepta-l,3-dienyl; cyclooct-l-enyl; and cycloocta-l,3 
dienyl. 

In the context of this invention a cyclic alkynyl group 
designates the cyclic form of an alkynyl group as de?ned 
above. Examples of preferred cyclic alkynyl groups of the 
invention include cyclopent-l-ynyl; cyclopenta-l,3-diynyl; 
cyclohex-l -ynyl; cyclohexa- l ,3 -diynyl; cyclohept- l -ynyl; 
cyclohepta-l,3-diynyl; cyclooct-l-ynyl; and cycloocta-l,3 
diynyl. 

In the context of this invention an amino group may be a 
primary (iNH2), secondary (iNH-alkyl), or tertiary (iN 
(alkyl)2) amino group, i.e. it may be substituted once or tWice 
With an alkyl group as de?ned above. 

In the context of this invention an aromatic mono- or poly 
cyclic carbocyclic group designates an aromatic hydrocarbon 
(aryl) group. Examples of preferred aryl groups of the inven 
tion include phenyl, indenyl, naphthyl, aZulenyl, ?uorenyl, 
and anthracenyl. 

In the context of this invention an aryloxy group designates 
an “aryl-Oi” group, Wherein aryl is as de?ned above. 

In the context of this invention an aralkyl group designates 
an aryl group as de?ned above, Which aryl group is attached 
to an alkyl group as also de?ned above. Examples of preferred 
aralkyl groups of the invention include benZyl. 

In the context of this invention an aromatic mono- or poly 
cyclic heterocyclic group designates an aromatic heteroaryl 
group, Which holds one or more heteroatoms in its ring struc 
ture. The term “bi- and poly-heterocyclic groups” includes 
benZo-fused ?ve- and six-membered heterocyclic rings con 
taining one or more heteroatoms. Preferred heteroatoms 

include nitrogen (N), oxygen (0), and sulphur (S). 
Preferred monocyclic heteroaryl groups of the invention 

include aromatic 5- and 6 membered heterocyclic monocy 
clic groups, including furanyl, in particular 2- or 3-furanyl; 
thienyl, in particular 2 or 3-thienyl; selenophenyl, in particu 
lar 2- or 3-selenophenyl; pyrrolyl (aZolyl), in particular 2 or 
3-pyrrolyl; oxaZolyl, in particular oxaZol-2, 4 or 5-yl; thiaZ 
olyl, in particular thiaZol-2, 4 or 5 -yl; imidaZolyl, in particular 
2 or 4-imidaZolyl; pyraZolyl, in particular 1, 3 or 4-pyraZolyl; 
isoxaZolyl, in particular isoxaZol-3, 4 or 5-yl; isothiaZolyl, in 
particular isothiaZol-3, 4 or 5-yl; oxadiaZolyl, in particular 
l,2,3-oxadiaZol-4 or 5-yl, or l,3,4-oxadiaZol-2-yl; triaZolyl, 
in particular l,2,3-triaZol-4-yl or l,2,4-triaZol-3-yl; thiadiaZ 
olyl, in particular l,2,3-thiadiaZol-4 or 5-yl, or l,3,4-thiadia 
Zol-2-yl; pyridinyl, in particular 2, 3 or 4-pyridinyl; pyridaZi 
nyl, in particular 3 or 4-pyridaZinyl; pyrimidinyl, in particular 
2, 4 or 5-pyrimidinyl; pyraZinyl, in particular 2 or 3-pyraZi 
nyl; and triaZinyl, in particular 1,2,4- or l,3,5-triaZinyl. 
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Preferred bicyclic heteroaryl groups of the invention 
include indoliZinyl, inparticular 2, 5 or 6-indoliZinyl; indolyl, 
in particular 2, 5 or 6-indolyl; isoindolyl, in particular 2, 5 or 
6-isoindolyl; benZo[b]furanyl, in particular 2, 5 or 6-benZo 
furanyl; benZo[b]thienyl, in particular 2, 5 or 6-benZothienyl; 
benZoimidaZolyl, in particular 2,5 or 6-benZoimidaZolyl; 
benZothiaZolyl, in particular 5 or 6-benZothiaZolyl; purinyl, 
in particular 2 or 8-purinyl; quinolinyl, in particular 2,3, 6 or 
7-quinolinyl; isoquinolinyl, in particular 3, 6 or 7-isoquino 
linyl; cinnolinyl, in particular 6 or 7-cinnolinyl; phthalaZinyl, 
in particular 6 or 7-phthalaZinyl; quinaZolinyl, in particular 2, 
6 or 7-quinaZolinyl; quinoxalinyl, in particular 2 or 6-quinox 
alinyl; 1 ,8-naphthyridinyl, in particular 1 ,8-naphthyridin-2,3, 
6 or 7-yl; and pteridinyl, in particular 2, 6 or 7-pteridinyl. 

In the context of this invention an aZacyclic group desig 
nates a mono-, bi- or poly-cyclic heterocyclic group, Which 
holds a nitrogen atom as heteroatom. The aZacyclic groups of 
the invention preferably are 4-12 membered mono-, bi- or 
polycyclic heterocyclic groups. 

Preferred aZacyclic groups of the invention include 4-7 
membered monocyclic heterocyclic groups, in particular a 
4-7 membered monocyclic heterocyclic group selected from 
the group consisting of Am Ia, AZa IIa, AZa IIb, AZa IIc, AZa 
IIIa, AZa IIIb, and AZa IVa: 

(Aza. Ia.) 

R 

(Aza. IIa) 

LY N ; 
R/ 

(Aza. IIb) 

6] 
N ; 

| 
R 

(Aza. H0) 

6 N ; 
/ 
R 

(Aza. IIIa) 

[i/ 
N ; 

| 
R 

(Aza IIIb) 

g 
N ; 
/ 
R 

m 
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-continued 
(Aza. IVa) 

N 
/ 
R 

Other preferred aZacyclic groups of the invention include 
9-10 membered bicyclic heterocyclic groups, in particular a 
9-10 membered bicyclic group selected from the group con 
sisting of AZa Va, AZa Vb, AZa Vc, AZa Via, AZa VIa, AZa 
VIIIa: 

(Aza. Va) 

E 
(Aza. Vb) 

NR / , 

(Aza. Vc) 

(Aza. VIa) 

(Aza. VIIa) 

(Aza. VIIIa.) 

Yet other preferred aZacyclic groups of the invention 
include 8-10 membered tricyclic heterocyclic groups, in par 
ticular a 8-10 membered tricyclic heterocyclic group selected 
from the group consisting of AZa IXa, AZa IXb, AZa IXc and 
AZa IXd: 

(Aza. IXa) 

(Aza. IXb) 

(Aza. IXc) 
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-continued 
(Aza IXd) 

Pharmaceutically Acceptable Salts 
The azacyclic ethynyl derivative of the invention may be 

provided in any form suitable for the intended administration. 
Suitable forms include pharmaceutically (i.e. physiologi 
cally) acceptable salts, and pre- or prodrug forms of the 
chemical compound of the invention. 

Examples of pharmaceutically acceptable addition salts 
include, Without limitation, the non-toxic inorganic and 
organic acid addition salts such as the hydrochloride, the 
hydrobromide, the nitrate, the perchlorate, the phosphate, the 
sulphate, the formate, the acetate, the aconate, the ascorbate, 
the benzenesulphonate, the benzoate, the cinnamate, the cit 
rate, the embonate, the enantate, the fumarate, the glutamate, 
the glycolate, the lactate, the maleate, the malonate, the man 
delate, the methanesulphonate, the naphthalene-2-sulphonate 
derived, the phthalate, the salicylate, the sorbate, the stearate, 
the succinate, the tartrate, the toluene-p-sulphonate, and the 
like. Such salts may be formed by procedures Well knoWn and 
described in the art. 

Metal salts of a chemical compound of the invention 
include alkali metal salts, such as the sodium salt of a chemi 
cal compound of the invention containing a carboxy group. 

In the context of this invention the “onium salts” of N-con 
taining compounds are also contemplated as pharmaceuti 
cally acceptable salts (aza-onium salts). Preferred aza-onium 
salts include the alkyl-onium salts, in particular the methyl 
and the ethyl-onium salts; the cycloalkyl-onium salts, in par 
ticular the cyclopropyl-onium salts; and the cycloalkylalkyl 
onium salts, in particular the cyclopropyl-methyl-onium 
salts. 

Steric Isomers 
The chemical compounds of the present invention may 

exist in (+) and (—) forms as Well as in racemic forms. The 
racemates of these isomers and the individual isomers them 
selves are Within the scope of the present invention. 

Racemic forms can be resolved into the optical antipodes 
by knoWn methods and techniques. One Way of separating the 
diastereomeric salts is by use of an optically active acid, and 
liberating the optically active amine compound by treatment 
With a base. Another method for resolving racemates into the 
optical antipodes is based upon chromatography on an optical 
active matrix. Racemic compounds of the present invention 
can thus be resolved into their optical antipodes, e.g., by 
fractional crystallisation of d- or I-(tartrates, mandelates, or 
camphorsulphonate) salts for example. 

The chemical compounds of the present invention may also 
be resolved by the formation of diastereomeric amides by 
reaction of the chemical compounds of the present invention 
With an optically active activated carboxylic acid such as that 
derived from (+) or (—) phenylalanine, (+) or (—) phenylgly 
cine, (+) or (—) camphanic acid or by the formation of dias 
tereomeric carbamates by reaction of the chemical compound 
of the present invention With an optically active chlorofor 
mate or the like. 

Additional methods for the resolving the optical isomers 
are knoWn in the art. Such methods include those described by 
Jaques J, Collet A, & Wilen S in “Enanliomers, Racemales, 
and Resolutions”, John Wiley and Sons, NeW York (1981). 
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14 
Optical active compounds can also be prepared from opti 

cal active starting materials. 

Methods of Producing Azacyclic Ethynyl Derivative 
The azacyclic ethynyl derivatives of the invention may be 

prepared by conventional methods for chemical synthesis, 
eg those described in the Working examples. The starting 
materials for the processes described in the present applica 
tion are knoWn or may readily be prepared by conventional 
methods from commercially available chemicals. 

Also one compound of the invention can be converted to 
another compound of the invention using conventional meth 
ods. 
The end products of the reactions described herein may be 

isolated by conventional techniques, eg by extraction, crys 
tallisation, distillation, chromatography, etc. 

Biological Activity 
The present invention relates to novel azacyclic ethynyl 

derivatives, Which are found to be cholinergic ligands at the 
nicotinic acetylcholine receptors (nAChR), and modulators 
of the monoamine receptors, in particular the biogenic amine 
transporters such as the serotonin receptor (S-HTR), the 
dopamine receptor (DAR) and the norepinephrine receptor 
(N ER), and of the biogenic amine transporters for serotonin 
(5-HT), dopamine (DA) and norepinephrine (NE). Also pre 
ferred azacyclic ethynyl derivatives of the invention shoW 
selective (X7 activity. The compounds of the present invention 
may in particular be agonists, partial agonists, antagonists 
and allosteric modulators of the receptor. 
Due to their pharmacological pro?le the compounds of the 

invention may be useful for the treatment of diseases or con 
ditions as diverse as CNS related diseases, PNS related dis 
eases, diseases related to smooth muscle contraction, endo 
crine disorders, diseases related to neuro-degeneration, 
diseases related to in?ammation, pain, and Withdrawal symp 
toms caused by the termination of abuse of chemical sub 
stances. 

In a preferred embodiment the compounds of the invention 
are used for the treatment of diseases, disorders, or conditions 
relating to the central nervous system. Such diseases or dis 
orders includes anxiety, cognitive disorders, learning de?cit, 
memory de?cits and dysfunction, Alzheimer’ s disease, atten 
tion de?cit, attention de?cit hyperactivity disorder (ADHD), 
Parkinson’ s disease, Huntington’s disease, Amyotrophic Lat 
eral Sclerosis, Gilles de la Tourette’s syndrome, psychosis, 
depression, mania, manic depression, schizophrenia, obses 
sive compulsive disorders (OCD), panic disorders, eating 
disorders such as anorexia nervosa, bulimia and obesity, nar 
colepsy, nociception, AIDS-dementia, senile dementia, per 
iferic neuropathy, autism, dyslexia, tardive dyskinesia, hyper 
kinesia, epilepsy, bulimia, post-traumatic syndrome, social 
phobia, sleeping disorders, pseudodementia, Ganser’s syn 
drome, pre-menstrual syndrome, late luteal phase syndrome, 
chronic fatigue syndrome, mutism, trichotillomania, and jet 
lag. 

In a preferred embodiment diseases, disorders, or condi 
tions relating to the central nervous system for Which the 
compounds of the invention are used are cognitive disorders, 
psychosis, schizophrenia and/ or depression. 

In another preferred embodiment the compounds of the 
invention may be useful for the treatment of diseases, disor 
ders, or conditions associated With smooth muscle contrac 
tions, including convulsive disorders, angina pectoris, prema 
ture labour, convulsions, diarrhoea, asthma, epilepsy, tardive 
dyskinesia, hyperkinesia, premature ejaculation, and erectile 
di?iculty. 
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In yet another preferred embodiment the compounds of the 
invention may be useful for the treatment of endocrine disor 
ders, such as thyrotoxicosis, pheochromocytoma, hyperten 
sion and arrhythmias. 

In still another preferred embodiment the compounds of 
the invention may be useful for the treatment of neurodegen 
erative disorders, including transient anoxia and induced 
neuro-degeneration. 

In even another preferred embodiment the compounds of 
the invention may be useful for the treatment of in?ammatory 
diseases, disorders, or conditions, including in?ammatory 
skin disorders such as acne and rosacea, Chron’s disease, 
in?ammatory boWel disease, ulcerative colitis, and diarrhoea. 

In still another preferred embodiment the compounds of 
the invention may be useful for the treatment of mild, mod 
erate or even severe pain of acute, chronic or recurrent char 
acter, as Well as pain caused by migraine, postoperative pain, 
and phantom limb pain. The pain may in particular be neuro 
pathic pain, chronic headache, central pain, pain related to 
diabetic neuropathy, to post therapeutic neuralgia, or to 
peripheral nerve injury. 

Finally the compounds of the invention may be useful for 
the treatment of WithdraWal symptoms caused by termination 
of use of addictive substances. Such addictive substances 
include nicotine containing products such as tobacco, opioids 
such as heroin, cocaine and morphine, benZodiaZepines and 
benZodiaZepine-like drugs, and alcohol. WithdraWal from 
addictive substances is in general a traumatic experience 
characterised by anxiety and frustration, anger, anxiety, dif 
?culties in concentrating, restlessness, decreased heart rate 
and increased appetite and Weight gain. 

In this context “treatment” covers treatment, prevention, 
prophylactics and alleviation of WithdraWal symptoms and 
abstinence as Well as treatment resulting in a voluntary dimin 
ished intake of the addictive substance. 

In another aspect, the compounds of the invention are used 
as diagnostic agents, eg for the identi?cation and localisa 
tion of nicotinic receptors in various tissues. 

Neuroimaging 
The aZacyclic ethynyl derivatives of the invention may be 

useful as diagnostic tools or monitoring agents in various 
diagnostic methods, and in particular for in vivo receptor 
imaging (neuroimaging). 

In another aspect of the invention, a method for the non 
invasive determination of the distribution of a tracer com 
pound inside a Whole, intact living animal or human body 
using a physical detection method is provided. According to 
this method, a tracer compound is a compound of the inven 
tion, or any of its enantiomers or any mixture thereof, an N 
oxide thereof, a pharmaceutically acceptable salt thereof, in a 
labelled or un-labelled form. 

In a preferred embodiment the physical detection method 
is selected from PET, SPECT; MRS, MRI, CAT, or combina 
tions thereof. 

The labelled compound of the invention preferably con 
tains at least one radionuclide as a label. Positron emitting 
radionuclides are all candidates for usage. In the context of 
this invention the radionuclide is preferably selected from 2H 
(deuterium), 3H (tritium), 11C, 13C, 14C, 15O, 13N, 123I, 125I, 
131I, 18F and 99"'Tc. 
An example of commercially available labelling agents, 

Which can be used in the preparation of the labelled com 
pounds of the present invention is [1 lC]O2, 18F, and NaI With 
different isotopes of Iodine. 

In particular [l1C]O2 may be converted to a [llC]-methy 
lating agent, such as [UC]H3I or [11C] -methyl tri?ate. 
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The tracer compound can be selected in accordance With 

the detection method chosen. 
In one preferred embodiment, the labelled or unlabelled 

compound of the invention can be detected by a suitable 
spectroscopic method, in particular UV spectroscopy and/or 
?uorescence spectroscopy. 

In another preferred embodiment, the compounds of the 
invention labelled by incorporation of a isotope into the mol 
ecule, Which may in particular be an isotope of the naturally 
occurring atoms including 2H (deuterium), 3 H (tritium), 11C, 
13C’ 14C’ 150’ r3N’ r231’ r251’ r311’ 18F and 99mTC’ and the: 
isotope incorporation may be measured by conventional scin 
tillation counting techniques. 

In a third preferred embodiment, the physical method for 
detecting said tracer compound of the present invention is 
selected from Position Emission Tomography (PET), Single 
Photon Imaging Computed Tomography (SPECT), Magnetic 
Resonance Spectroscopy (MRS), Magnetic Resonance Imag 
ing (MRI), and Computed Axial X-ray Tomography (CAT), 
or combinations thereof. 

Before conducting the method of the present invention, a 
diagnostically effective amount of a labelled or unlabelled 
compound of the invention is administered to a living body, 
including a human. 
The aZacyclic ethynyl derivative of the invention is 

believed to be particularly suited for in vivo receptor imaging 
(neuroimaging). 

In a particularly preferred embodiment the physical 
method for detecting the aZacyclic ethynyl derivative of the 
invention is Position Emission Tomography (PET). 

It is currently believed that the diagnostically effective 
amount of the labelled or unlabelled compound of the inven 
tion, to be administered before conducting the in vivo method 
for the invention, is Within a range of from 0.1 ng to 100 mg 
per kg body Weight, preferably Within a range of from 1 ng to 
10 mg per kg body Weight. 

Pharmaceutical Compositions 
In another aspect the invention provides novel pharmaceu 

tical compositions comprising a therapeutically effective 
amount of aZacyclic ethynyl derivative of the invention. 

While a chemical compound of the invention for use in 
therapy may be administered in the form of the raW chemical 
compound, it is preferred to introduce the active ingredient, 
optionally in the form of a physiologically acceptable salt, in 
a pharmaceutical composition together With one or more 
adjuvants, excipients, carriers, buffers, diluents, and/or other 
customary pharmaceutical auxiliaries. 

In a preferred embodiment, the invention provides phar 
maceutical compositions comprising the aZacyclic ethynyl 
derivative of the invention, or a pharmaceutically acceptable 
salt or derivative thereof, together With one or more pharma 
ceutically acceptable carriers therefore, and, optionally, other 
therapeutic and/or prophylactic ingredients, knoW and used in 
the art. The carrier(s) must be “acceptable” in the sense of 
being compatible With the other ingredients of the formula 
tion and not harmful to the recipient thereof. 
The pharmaceutical composition of the invention may be 

administered by any convenient route, Which suits the desired 
therapy. Preferred routes of administration include oral 
administration, in particular in tablet, in capsule, in drage, in 
poWder, or in liquid form, and parenteral administration, in 
particular cutaneous, subcutaneous, intramuscular, or intra 
venous injection. The pharmaceutical composition of the 
invention can be manufactured by any skilled person by use of 
standard methods and conventional techniques appropriate to 
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the desired formulation. When desired, compositions adapted 
to give sustained release of the active ingredient may be 
employed. 

Further details on techniques for formulation and admin 

istration may be found in the latest edition of Remington's 

Pharmaceutical Sciences (Maack Publishing Co., Easton, 
Pa.). 

The actual do sage depend on the nature and severity of the 

disease being treated, and is Within the discretion of the 
physician, and may be varied by titration of the dosage to the 
particular circumstances of this invention to produce the 
desired therapeutic effect. HoWever, it is presently contem 
plated that pharmaceutical compositions containing of from 
about 0.1 to about 500 mg of active ingredient per individual 

dose, preferably of from about 1 to about 100 mg, most 
preferred of from about 1 to about 10 mg, are suitable for 

therapeutic treatments. 

The active ingredient may be administered in one or several 

doses per day. A satisfactory result can, in certain instances, 
be obtained at a dosage as loW as 0.1 ug/kg iv. and 1 ug/kg 

p.o. The upper limit of the dosage range is presently consid 
ered to be about 10 mg/kg iv. and 100 mg/kg po. Preferred 

ranges are from about 0.1 ug/kg to about 10 mg/kg/day iv, 
and from about 1 ug/kg to about 100 mg/kg/day p.o. 

Methods of Therapy 

The aZacyclic ethynyl derivatives of the present invention 
are valuable nicotinic and monoamine receptor modulators, 
and therefore useful for the treatment of a range of ailments 

involving cholinergic dysfunction as Well as a range of dis 
orders responsive to the action of nAChR modulators. 

In another aspect the invention provides a method for the 

treatment, prevention or alleviation of a disease or a disorder 

or a condition of a living animal body, including a human, 

Which disease, disorder or condition is responsive to modu 

lation of cholinergic receptors and/ or monoamine receptors, 
and Which method comprises administering to such a living 
animal body, including a human, in need thereof an effective 
amount of an aZacyclic ethynyl derivative of the invention. 

The preferred indications for the method of the invention 
are those stated above. 

In the context of this invention the term “treating” covers 

treatment, prevention, prophylaxis or alleviation, and the 
term “disease” covers illnesses, diseases, disorders and con 
ditions related to the disease in question. 

It is at present contemplated that suitable dosage ranges are 
0.1 to 1000 milligrams daily, 10-500 milligrams daily, and 
especially 30-100 milligrams daily, dependent as usual upon 
the exact mode of administration, form in Which adminis 
tered, the indication toWard Which the administration is 

directed, the subject involved and the body Weight of the 
subject involved, and further the preference and experience of 
the physician or veterinarian in charge. 

A satisfactory result can, in certain instances, be obtained 
at a dosage as loW as 0.005 mg/kg iv. and 0.01 mg/kg po. The 

upper limit of the dosage range is about 10 mg/kg iv. and 100 
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18 
mg/kg po. Preferred ranges are from about 0.001 to about 1 
mg/kg iv. and from about 0.1 to about 10 mg/kg po. 

EXAMPLES 

The invention is further illustrated With reference to the 
folloWing examples, Which are not intended to be in any Way 
limiting to the scope of the invention as claimed. 

Example 1 

(:)-8-Methyl-3 -tri?uoromethanesulfonyl-oxy-8 
aZabicyclo [3 .2 . 1 ] oct-2-ene (Intermediate compound) 

To 8-methyl-8-aZabicyclo[3.2.1]octan-3-one (12.65 g; 
90.9 mmol) in tetrahydrofuran (300 ml), Was added at —700 
C.; sodium bis(trimethylsilyl)amide in tetrahydrofuran (77.5 
ml; 77.5 mmol). The reaction mixture Was stirred for 30 min 
at —700 C. N-phenylbis(tri?uoromethane-sulfonamide) (32.5 
g; 90.9 mmol) in tetrahydrofuran (200 ml) Was added at —700 
C. The reaction mixture Was alloWed to reach room tempera 
ture sloWly and Was stirred over night. Aqueous sodium 
hydroxide (0.1 M; 500 ml) Was added and the mixture Was 
extracted tWice With ethyl acetate (200 ml). Chromatography 
on silica gel With dichloromethane and 10% ethanol as sol 
vent gave the title compound as an oil. Yield 16.2 g, 45%. 

(1)-8-Methyl-3-phenyletynyl-8-aZabicyclo [3 .2. 1]oct 
2-ene fumaric acid salt (Compound 1) 

A mixture of (:)-8-Methyl-3-tri?uoromethanesulfonyl 
oxy-8-aZabicyclo[3.2.1]-oct-2-ene (3.0 g; 11.0 mmol), 
lithium chloride (2.34 g; 55.3 mmol), phenylacetylene (2.26 
g; 22.1 mmol), tetrakistriphenylphosphine palladium (0) (255 
mg; 0.2 mmol), 1,3-propandiol (1.68 g; 22.1 mmol) and 1,2 
dimethoxyethane. Aqueous sodium hydroxide (50 ml; 1 M) 
Was added. The mixture Was extracted With ethyl acetate 
(2x50 ml). Chromatography on silica gel With dichlo 
romethane, methanol and conc. ammonia (89:10: 1) gave the 
title compound as free base. Yield 0.14 g (6%). The corre 
sponding salt Was obtained by addition of a diethyl ether and 
methanol mixture (9:1) saturated With fumaric acid. Mp 171 
1730 C. 

Method A 

(:)-3 -Phenyletynyl-quinuclidin-2-ene (Compound 
A1) 

To a mixture of phenylacetylene (23.2 g 227 mmol) and 
diethyl ether (250 ml) at —700 C., Was added: butyllithium 
(100 ml, 250 mmol), folloWed by stirring at —700 C. for 30 
min. 3-Quinuclidinone (28.4 g, 227 mmol), solved in tetrahy 
drofuran (250 ml) Was added to the mixture at —700 C. fol 
loWed by stirring 1 hour. The reaction Was alloWed to reach 
room temperature. Water (20 ml) Was added folloWed by 
aqueous sodium hydroxide (200 ml, 1 M). The precipitated 
solid (:)-3-phenyletynyl-quinuclidin-3-ol Was ?ltered, yield 
29.6 g (57%). Mp 167.50 C. 
A mixture of 3-phenyletynyl-quinuclidin-3-ol (20.0 g, 88 

mmol), thionylchloride (31.4 g, 263.9 mmol) and tetrahydro 
furan (200 ml) Was stirred at 500 C. for 30 min folloWed by 
evaporation. To the mixture Was added: potassium-tert-bu 
toxide (19.7 g, 176 mmol) and tert-butanol (200 ml), folloWed 
by re?ux for 1.5 hour. The solvent Was evaporated and aque 
ous sodium hydroxide (200 ml, 1 M) Was added, and the 
mixture Was extracted With ethyl acetate (3x125 ml). Chro 
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matography on silica gel With dichloromethane, methanol 
and conc. ammonia (89: 10: 1) gave the title compound as free 
base.Yield 8.8 g (48%). The corresponding salt Was obtained 
by addition of a diethyl ether and methanol mixture (9:1) 
saturated With fumaric acid. Mp 170.9° C. 

(:)-8-Methyl-3-(2,4-di?uorophenyletynyl)-8-aZabi 
cyclo[3.2.1]oct-2-ene fumaric acid salt (Compound 

A2) 

Was prepared by method A using tropinone as starting 
material. Mp. 164-167.5° C. 

Method B 

(:)-8,8-Dimethyl-3 -phenyletynyl-8-aZabicyclo 
[3.2.1]oct-2-ene iodide salt (Compound B1) 

A mixture of (:)-8-methyl-3-phenyletynyl-8-aZabicyclo 
[3.2.1]oct-2-ene (1.0 g, 4.5 mmol), methyl iodide (5.6 ml, 
89.5 mmol) and dichloromethane (10 ml) Was stirred for 15 
hours. The reaction Was evaporated and diethyl ether (30 ml) 
Was added and the precipitate Was ?ltered. Yield 1.27 g 

(77%). Mp 205.7° C. 

(:)-1 -Methyl-3 -phenyletynyl-quinuclidin-2-ene 
iodide salt (Compound B2) 

Was prepared from (:)-3-phenyletynyl-quinuclidin-2-ene 
by method B. Mp 204° C. 

1 -Methyl-3 -phenyletynylpyridinium iodide 
(Intermediate compound) 

Was prepared according to method B from 3-phenylety 
nylpyridine. 

2 -Methyl- 6-phenyl-hexa-3 ,5 -diyn-2 -ol (Intermediate 
compound) 

A mixture of bromophenylacetylene (5.0 g, 27.6 mmol), 
potassium carbonate (9.54 g, 69.0 mmol), copper iodide (0.54 
g, 2.8 mmol), palladium on carbon (5%, 500 mg), triph 
enylphosphine (0.72 g, 2.8 mmol), 2-methyl-3-butyn-2-ol 
(11.6 g, 138 mmol) and 1,2-dimethoxyethane (100 ml) Was 
stirred overnight at 100° C. The product mixture Was evapo 
rated. Chromatography on silica gel With petroleum and ethyl 
acetate (2:1), gave the title compound. Yield 1.06 g (21%). 

Buta-1,3 -diynylbenZene (Intermediate compound) 

A mixture of 2-methyl-6-phenyl-hexa-3,5-diyn-2-ol (3.8 
g, 20.6 mmol) sodium hydride (60%, 83 mg, 2.06 mmol) and 
toluene (20 ml) Was stirred at re?ux for 1 hour. The mixture 
Was evaporated. Chromatography on silica gel With petro 
leum and ethyl acetate (3:1), gave the title compound. Yield 
0.54 g (21%). 

(:)-8-Methyl-3 -phenylbuta-1,3-diynyl-8-aZabicyclo 
[3.2.1]oct-2-ene fumaric acid salt (Compound B3) 

Was prepared according to method A and B from buta-1, 
3-diynylbenZene. Mp 195.4-211.9° C. 
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20 
(:)-8-Methyl-3-(1-cyclohexenyletynyl)-8-aZabicyclo 
[3.2.1]oct-2-ene fumaric acid salt (Compound B4) 

Was prepared according to methodA and B from 1-etynyl 
cyclohexene. Mp 130.0-133 .3° C. 

(1) -3 -(1 -Cyclohexenyletynyl) -quinuclidine-2-ene 
fumaric acid salt (Compound B5) 

Was prepared according to methodA and B from 1-etynyl 
cyclohexene and quinuclidin-3-one. Mp 86.7-95.7° C. 

(:)-8-Methyl-3 -(3 -phenylpropyn-1-yl)-8-aZabicyclo 
[3.2.1]oct-2-ene fumaric acid salt (Compound B6) 

Was prepared according to method A and B from phenyl 
1-propyn. Hygroscopic salt. 

(:)-8-Methyl-3 -(4 -toluoyletynyl)-8-aZabicyclo[3 .2 . 1] 
oct-2-ene hydrochloric acid salt (Compound B7) 

Was prepared according to methodA and B from 4-etynyl 
toluene. Mp 250-251° C. 

(:)-8-Methyl-3-(4-methoxyphenyletynyl)-8-aZabicy 
clo[3.2.1]oct-2-ene hydrochloric acid salt (Com 

pound B8) 

Was prepared according to method A and B from etynyl 
4-methoxy-benZene. Mp 254-256° C. 

(1)-8-Methyl-3-(2-methyl-but-1-en-3 -ynyl)-8-aZabi 
cyclo[3.2.1]oct-2-ene hydrochloric acid salt (Com 

pound B9) 

Was prepared according to methodA and B from 2-methyl 
1-buten-3-yn. Mp 152.3-155.7° C. 

Method C 

(:)-8-H-3-Phenyletynyl-8-aZabicyclo[3.2.1]oct-2 
ene fumaric acid salt (Compound C1) 

A mixture of (1)-8-Methyl-3-phenyletynyl-8-aZabicyclo 
[3.2.1]oct-2-ene (1.0 g, 4.5 mmol) and xylene (15 ml) Was 
stirred at re?ux for 3 days. Methanol (15 ml) Was added and 
the mixture Was stirred at re?ux for 3 days. The solvent Was 
evaporated and aqueous sodium hydroxide (50 ml, 1 M) Was 
added and the mixture Was extracted With ethyl acetate (3 x50 
ml). Chromatography on silica gel With dichloromethane, 
methanol and conc. ammonia (89:10:1) gave the title com 
pound as free base. The corresponding salt Was obtained by 
addition of a diethyl ether and methanol mixture (9: 1) satu 
rated With fumaric acid. Mp 181.6° C.Yield 0.83 g (57%). 

3-Phenyletynyl- 1 ,2, 5, 6-tetrahydropyridine fumaric 
acid salt (Compound C2) 

Was prepared according to method A, B and C from N-me 
thyl-3 -phenyletynyl -1 ,2 , 5 , 6-tetrahydropyridine. Mp 
1 58- 1 60° C. 

N-Methyl-3 -phenyletynyl -1 ,2 , 5 ,6 -tetrahydropyridine 
fumaric acid salt (Compound C3) 

A mixture of 1-methyl-3-phenyletynylpyridinium iodide 
(16.8 g, 52.3 mmol), sodiumborohydride (4.0 g, 104.6 mmol) 
and methanol (100 ml) Was stirred at room temperature for 15 
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hours. The solvent Was evaporated and aqueous sodium 
hydroxide (50 ml, 1 M) Was added and the mixture Was 
extracted With dichloromethane (3x50 ml). Chromatography 
on silica gel With dichloromethane, methanol and conc. 
ammonia (89: 10: 1) gave the title compound as free base. The 
corresponding salt Was obtained by addition of a diethyl ether 
and methanol mixture (9:1) saturated With fumaric acid. Mp 
185-190o C.Yield 2.17 g (21%). 

Example 2 

In vitro Inhibition of 3H-ot-Bungarotoxine Binding 
in Rat Brain 

In this example the a?inity of the compounds of the inven 
tion for binding to (x7-subtype of nicotinic receptors is deter 
mined. 

ot-Bungarotoxine is a peptide isolated from the venom of 
the Elapidae snake Bungarus mullicinclus. It has high a?inity 
for neuronal and neuromuscular nicotinic receptors, Where it 
acts as a potent antagonist. 

3H-ot-Bungarotoxine labels nicotinic acetylcholine recep 
tors formed by the (x7 subunit isoforrn found in brain and the 
(x1 isoforrn in the neuromuscular junction. 

Tissue Preparation 
Preparations are performed at 0-40 C. Cerebral cortices 

from male Wistar rats (150-250 g) are homogenised for 10 
seconds in 15 ml of 20 mM Hepes buffer containing 1 18 mM 
NaCl, 4.8 mM KCl, 1.2 mM MgSO4 and 2.5 mM CaCl2 (pH 
7.5) using an Ultra-Turrax homogeniser. The tissue suspen 
sion is subjected to centrifugation at 27,000><g for 10 minutes. 
The supernatant is discarded and the pellet is Washed tWice by 
centrifugation at 27,000><g for 10 minutes in 20 ml of fresh 
buffer, and the ?nal pellet is then re-suspended in fresh buffer 
containing 0.01% BSA (35 ml per g of original tissue) and 
used for binding assays. 

Assay 
Aliquots of 500 pl of homogenate are added to 25 ul of test 

solution and 25 ul of 3H-ot-bungarotoxine (2 nM, ?nal con 
centration) and mixed and incubated for 2 hours at 370 C. 
Non-speci?c binding is determined using (—)-nicotine (1 
mM, ?nal concentration). After incubation, the samples are 
added 5 ml of ice-cold Hepes buffer containing 0.05% PEI 
and poured directly onto Whatman GF/C glass ?bre ?lters 
(pre-soaked in 0.1% PEI for at least 6 hours) under suction, 
and immediately Washed with 2x5 ml ice-cold buffer. 

The amount of radioactivity on the ?lters is determined by 
conventional liquid scintillation counting. Speci?c binding is 
total binding minus non-speci?c binding. 

The test value is given as an IC5O (the concentration of the 
test substance Which inhibits the speci?c binding of 3H-ot 
bungarotoxin by 50%). 

The results of these experiments are presented in Table 1 
beloW. 

TABLE 1 

Inhibition of 3H—(>L—Bung_arotoxine Bindin_g_ 

Compound IC5O 
No. (M) 

l 0.32 
Bl 0.002 
A1 0.18 
B2 0.60 

20 

25 

30 

40 

45 

50 

55 

60 

65 

22 
Example 3 

In vitro Inhibition of 3H-5-Hydroxytryptamine 
Uptake in Cortical Synaptosomes 

Serotonin transporters/uptake sites on nerve terminals pre 
sumably function to terminate neuronal signaling by remov 
ing serotonin from the synaptic cleft. The activity of the 
serotonin transporter integral protein can be measured in vitro 
by synaptosomal uptake of 3H-5-hydroxytryptamine (5-HT, 
serotonin). 

Preparations are performed at 0-40 C. Cerebral cortices 
from male Wistar rats (150-200 g) are homogenized for 5-10 
seconds in 100 volumes of ice-cold 0.32 M sucrose contain 
ing 1 mM pargyline, using a motor driven te?on pestle in a 
glass homogeniZing vessel. Monoamine oxidase activity is 
inhibited in the presence of pargyline. 

The homogenate is subjected to centrifugation at 1000><g 
for 10 minutes. The resulting supernatant is then centrifuged 
at 27,000><g for 50 minutes and the supernatant is discarded. 
The pellet (P2) is re-suspended in oxygenated (equilibrated 
With an atmosphere of 96% O2: 4% CO2 for at least 30 
minutes) Krebs-Ringer incubation buffer (1000 ml per g of 
original tissue) at pH 7.2 containing 122 mM NaCl, 0.16 mM 
EDTA, 4.8 mM KCl, 12.7 mM Na2HPO4, 3 .0 mM NaH2PO4, 
1.2 mM MgSO4, 1 mM CaCl2, 10 mM glucose and 1 mM 
ascorbic acid. 

Aliquots of 4.0 ml tissue suspension are added to 100 pl, of 
test solution and 100 pl of 3H-5-HT (1 nM, ?nal concentra 
tion), mixed and incubated for 30 minutes at 370 C. Non 
speci?c uptake is determined using Citalopram (1 uM, ?nal 
concentration, available from Lundbeck, Denmark). 

After incubation, the samples are poured directly onto 
Whatman GF/C glass ?bre ?lters under suction. The ?lters 
are Washed three times With 5 ml of ice-cold 0.9% (W/v) NaCl 
solution. 

The amount of radioactivity on the ?lters is determined by 
conventional liquid scintillation counting. Speci?c uptake is 
calculated as the difference betWeen total uptake and non 
speci?c uptake. 
25-75% inhibition of speci?c binding must be obtained, 

before calculation of an ICSO. 

The test value is given as IC5O (the concentration (uM) of 
the test substance Which inhibits the speci?c binding of 3 H-5 

HT by 50%). 
The results are presented in Table 2 beloW. 

TABLE 2 

Inhibition of 3H-5-Hydroxytryptarnine Uptake 

Compound IC5O 
NO- (PM) 

1 0.11 

C1 0.099 

A1 0.42 

B2 0.10 
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The invention claimed is: hexa-1,3-dienyl group; a cyclohept-l-enyl group; or a 
1. An aZacyclic ethynyl derivative represented by Formula cyclohepta-1,3-dienyl group. 

III: 2. The aZacyclic ethynyl derivative of claim 1, Which is 
(1)6 -phenylethynyl-quinuclidin-2-ene 

5 (:)-1 -methyl-3-phenylethynyl-quinuclidin-2 -ene; or 
L/ X (:)-3-(1-cyclohexenylethynyl)-quinuclidine-2-ene; 

% or an enantiomer or a mixture of its enantiomers, or a 
pharmaceutically acceptable salt thereof. 

3. A pharmaceutical composition comprising a therapeuti 
cally effective amount of an aZacyclic ethynyl derivative of 

N claim 1, or an enantiomer or a mixture of its enantiomers, or 
a pharmaceutically-acceptable addition salt thereof, together 
With at least one pharmaceutically-acceptable carrier or dilu or an enantiomer or a mixture of its enantiomers or a phar 

maceutically acceptable salt thereof, Wherein 15 em‘ _ _ _ 
n is 1; 4. The compound of claim 2, Wh1ch1s 
L is absent and (1)6-phenylethynyl-quinuclidin-2-ene, 
X represents a phenyl group, which phenyl is Optionally or an enantiomer or a mixture of its enantiomers, or a 

substituted one or tWo times With alkyl, cycloalkyl, phannaceutically acceptable Salt thereof. 
alkoxy, cycloalkoxy, halogen, CF3, OCF3, cyano, 
amino, or nitro; or a cyclohex-l-enyl group; a cyclo- * * * * * 


